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At)s(r3Ct.W efh
tsldescribe the atm osphedc 00 汀eC血 n algo丘thJTlfF O C T S(Oc 切 nColor and Te mperatt 耽
sc aJtn er)thathasbee n llSed forthe stall血rdpr odu ctge 批 raLtioJlatN A SD A侶O C(EarthObser vatio nCer[ter).
DtLringthepix el- wisepro cessing,the algDrithn s elects2a erosolm odels otlOf 10cad idak m odels and
deter m lneSthe
”
interpohtioll ralio
”
basedo nthe estim atedspectralratio ofaerosoloptical th idkness at670
and S65n mbands. Wethen disctlSSeS Severalv adants of the aeros olm odelselection sche m e and m TnPafeS
the perforrnaJy3: Ofthe sche m esby simttlatingthe atm ospheric correctiorLProc essin u se ofm odeledaeros ol
sign als . T he r esdts stlggeSt the stlPerio r栂 Qfas che m ethz[titcratLV elydete min esthe丑n alcandidate ae m sol
m odels. Wefhalyc oT npareStheOC T Salgorithm andthe old CZCS algorithm in use Qfadata setof32
in-sitt1 Obs ervatio nthatw ere CO ndtKedc ol血 mpoTan eOtJSlywiththe satellite observatio n･ W hiletheO C TS
algorithm gives smalerestim atio n errorirLthe TIOrrn alizedvpa知 ･l 刑 gradian ces,theCZCS algorithm
甲aircs simila rperfm u n ce oferz q触 or2 inter m s of the s atelliteJe血edchlorophyll
-a c onc errtration･ This
JS COnSideT ed du eto the Ilahlre Ofthe estim atioLl algori thm thatrelics ontheratio ofthe w ater
-leaving 血i-
a ∽ .
I. IntrodtLCtio n
Correction of the atm ospheric 血 IisveJy1 皿POrtaml血
q旧Iit血v e o 磁II C Olor 哩 皿 OtC SenSlng. As it is o触 n
pointed otlt, theportio n of
"
w ater-leavlngZadian ce
' '
tothe
totalobservedradian ce c3nbe aslo w asLTe wperc enLwhile
radiaLh3edlletO a erOS O】particle s 個 ries ov er a rall野 Si dar
to that Ofw 血cr1 eeE Ving radian ce. This de m o n stratesthe
diEEd6･ d theproble m.
Ckm n col r atm ospheric corre ctio n, ho w ev er, is rK)I
impossibleif w e tli】ize n earinb'd bad observalioh
vL7tk:re W e Ca n retrie v eil血 m atio n ofatm osphere ex clu -
siv ely. ForC Z C S d舶 , Gordo n etal.(19$3)proposeda n
algD血hJnbasd o nthe single s catte血g appIP X lm aho n.
T healgo血hm w aswi dely 叫 ed(se eFeldm an etaZ. ,
1989, for example)andgavetlSS atis丘ablerestltsJbr m os1
ofthe cases.
ForO C TS(Oo 設IIColor and TeIITPer3ttl 陀ScarLndF)land
Se aW iF S
,
mt K:himpro v e m entin the pe血 m anceis e n
･
deeEVOTd because tt℃se i 血 m e nls obs ervettK) O Cean
st血 耶 er血c(or-2 wi de specbd raJQ;e(412 J 65nm)with
higher I由io m etdc 代SOh ti○It(10bits). Go 血 n 皿 W 叫 g
(19 9 4)proposedan algorithm 払rSe aW iF S datathattakes
l鳩 il lowing el8 批 ロtS, (a)pixd･ wis e aero soliype v ali-
d)ility, a nd0)ztt1血ple scalteziJlgthatizNOIv csBe m SOl,
iJltO a∝ 訊1Ilt5･ T he aLtm OSPheric a)zrecdo n algorithm used
sinc eApril, 1997atN A S D A 侶O C Zbrthe O CTSstandard
dab pzDdu cts is b壬6 ed on tha( algodthn with s o n s
m odi丘calio ns. h thispqpe{, w e丘zstdcs cdbethe O CTS
algo血hn lhal tlSeSten a er o s ol m odels indtldlngtha( of
Asia n血 虹 T he algo血hTI Sel ds 皿 q)pI叩riatepair of
aeTDS Ol m od ds 孤d dete mines the idezpolalio n 血io
betvLC e nthe aero solre皿ectaI℃eS Ofthetw o m ∝lelsbasedo n
the obs erved ae D S OIzeAectBLmCeSillthe NIRbands. W e
will b丘dy dlS m S Sthe pe血r m an ce ofthe algo血hm in
CO mpa丘s o nwith the C ZCS 血gori1hm , which assll m eS
CO nStalttaerOSOl切)e ov eratle astwholeimage.
We wi 11the ndisctlSS S o m e Variantsinthe sche m e血rthe
m odelselecBon aJldtheinterpdatio n radodetermin atio n.
Si皿 山aLio 皿S･are CO血 ctd to evd1血 e aI岨 coTr(Pa 把the
peTibrrnarKXS Ofth∫∝ diabrerd pheJlleS.
2. OCT SatJTLO SPhe ric c o r rectio n algorithm
O C T S A)oazd A D EOSsatdlitehad bee nJOtdindyop･
e Jatd b m Nov e mber lst, 1996to JtJJK3 0, 1997,
c ollecti喝 globalo α ヨII C Olor dab that a notnts 血 n o1モ･
tha ntheCZC S data甲t. TheiDStnlmCnthBLS名ob光rV血 o且
ba nds c6nbTd at412, 443,490, 520, 565, 670, 765, a nd
8 6 5n m. The n ominalband widdts血r412J 70IlmbarKIs
are2 0n m while765aTd 865Ilmba ndshav e40 n mwi dth
T he cuzTen10 CT SalgorithTrLisbasedo ntheSeaWiFS
algoJithm (Go 血 n 叫 W ang, 1 994)butdi飴lち 血 m it
znainlyinthefollo w II鳩 a甲 ∝tS･
(a) O C T SalgoJithn I)sos atd)1e that relates aerosol
Td ectBm Cef24＋Fb (m tlltiple scatteringi 血tlded)to
aczvs ol pti曲Ithidkn es s, while theSe aW iF S 血go-
ritllm nSe adiqerenttablethBEtrelates仲＋ 伽 tO arl S,
the a m s olrdlecLance u nderthe si喝1e scatt訂i喝 甲 -
pro xim atio n.
0) lldeterminestw o ca ndidate a q os oITndcls andthe
il此 IpOlation rdo based o nthe spedtalTdio ofthe
aerosol”)ticalthidkn ess radw tha ne, orthe 血 d
'
s lngle sc atteringTeAectaTtC e.
(c) tl tLSeS670ard 865 n m ba nds 丑Ir alm o sphedc
00 rTe Clion whilethe SeaWiFSpoject wi lltu;e765
and865n nbands.
Radiab
'
t･e か angu modd
h whBtも1lo w s
,
w edescnbethe ct mtOCTS aLn OS-
phen c cot7eCio n algo血hm bdeAy. Forp代Cisedescdp-
tio n, s e eN A SDA/EO C(1997),
T he salelli(e dbser ved Gdam cefh
. is n od ded as 血1-
1o w s.
- 1 25-
pT(A)= P 由(勾 ＋p J(み ＋ p 幽(A)＋t(Åk)w(A), (1)
wheze A is w BW elength. fatis d ect皿C Cdu eto gas m ole-
cdes
,FTuis年erOSOlreflectan cc,Fh由is r血 泡 皿記 血 etotLe
id e均dion betw 8∋n mOlect)1es and aeIOS OIpartides, pwis
re8ecta ∝ e oftI捻 OCeaZt iis 細 江IS血itta ncebetw ∝ n o ∝温n
st 血 andthesaLtelite. Notethat the m odeleq11血o nhere
is cxpressdinter m s Qfn h ce ratherth anradian c e,b1止
zd ianc eL azd 王切e ctancepis easily cD ITV erted with each
otherby thefo狙owingrdatio n,
p玖)-
7rL(A)
局(A)c os払
(2)
whe nFo
'
is ext7 aterreSt丘als olariTrZdian cethat takes tw o
tim es ofo z one abs orp也o11i7LtO aCC Ot mt, a nd8】is the sohr
zerdth angle 触 thatpi7(el.
ln colnparil鳩theO C TS m odeleqtla也)n(I)withthatd
the C Z C Salgo血t皿 , itis n oted that the 脚 ele m ent
i血 o血 ced is 恥 their[teracdon betw e eng甲 mOl m les
anda er osolpardcles.
Aer osol Mo 血ts
Sinc ethe w ater teA ctzm c e押 切Ilbedis canled in the
NIR(67 0･ 塙65tt n)b皿ds, w e 指Ⅰ1 Obtainthe 肥 OS Olrea∝ ･
tadl ain cludingtheideracdQ nPartaSfollo vvs,
p J(A)＋ p Mi(A) - Pr(勾 I Ph¢). (3)
W e n eedto estim atepA＋ 恥 色rband 1-5 btltitis n ot
stdghtも Ⅳ ad sincethe spect7ahelatio nofp^ ＋ 伽 A 耶 er
the wholevisible a nd 淵 rIRregionisd 耶 ndez7tO皿 札 e,
the satglite Ze nith angle, a nd A¢, the rel 血e a由m uth
ande between the st n ard the sa(ellite. Similarto the
m etb dpropo sed by Cordo n aztdWang(19 9ヰ), w eintzD-
du ∝s atable thatstoresthe relationbetw e mthe aeros ol
ren∝ 血 ℃eph＋fhLia1血 a erosolopticalthich ess T^加 悦dl
bard and tLSe6t血 tbhle to dete miⅠ垢 the m agnitde of
pR＋fh in the 血 )I(er Ⅶ vdeng血
'
sbas edo nthe estim aLted
spectd 指1io ofT^ betw ee ntw o 柑R bands. Sin(芳 the
rdado皿betw ce n払 ＋Jh a nd TA is al甜 depender[totlth点
a 飢)Sol m odel
,
OC T Salgo丘th血 has the bllowlng ten
n odcls:
■ Tropospheric aeros ol:(M odels1, 2, a nd3)
wilh RR of 50, 80, a nd 90 %
● Co astalae m s ol:(Models 4, 5, a nd 6)
with A.1L of 50, 80, a nd 99%
● Maritim e aerosol:(M odels7, 8, ad 9)
with R H. of 50
,
80
,
a nd 99%
' As ian dn sta erosol:(M odel 10)
Thc d血 itio n ofthese m odels arebas ed onShe仙 cand
Fen n(197 9), with the” Co ashltype
'7
bcinBa CO mPOSite of
99.5% Qftropo甲heric a nd 0.5 %Qf∝ ea11ic aeros ol,e a血ill
te rm s ofn umber ofpartich:s.
n e sizedistTib也io n ofAsian血岨tW asdeteT mind 血 m
grotlTLdobserv atio n s c on血cted illNagasaki仰akajim a eE
a],
,
1989)whilethere血 cbeindex w asgiv ¢nbyS.O hta
(private C O m m ti収 tion)丘o mthe absorption
ofs oilparticle s santpleda[tC hl me 完desert 打 払
Fig.1 sho w se(A,856)もr allthe 10 m odels, u nder
砂picalscaJlgCOZTl etry. Cisdeh ed as
c(h865)=
aIJ4(1)PA(VIJ沖,1(A)
w
Ji卵5)PjVT,865沖.I86 5)
(4)
wherea )A is ae 托椙01single scaf[eringalt do, P,4(中,A)is
aerosolscat(erinB pha5e血ICtio n,v･isthe sc atterlngaJlgc.
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Figtl r eI. Spe ctral depellden cy of8仇, 8 65)
forthe aero solm odels tLSed in O C T Satm oI
sphcric corTeC血 n al伊rithm . Sca nge o m etry
w as s et to8 0= 60
o
, 8 - 45
o
, A中 - 90
o
.
Notethat 6(A,856)v aries aswi de 色cぬrof2or m oreindle
shorEerwa v elengthregio n.
Lo oFkup tzzblc s
The actu alatm o甲heric corre c丘otlSimple m er[tedtothe
dab pIOCeSSi喝 SySte m at N A S D A 侶O C has bllowi喝
lo oktIPtables.
(1)伽 tablethatgiv es伽(A)fbrthegiv e n8｡, 0, a nd A¢.
(2)
"
Fh＋ 恥 VS. TA
”
tめletl血 00 rltainsthe coe瓜cie血s al,
恥 a nd a3inthe eqtLatioIL
pよ )^＋ p 旭(A)= al TA(A)＋ a2TJL入)
2
＋
.
a, TJt^ )
J
,(5)
向ral1(a,0,AQ)a nd 丑)railaelt)S oltypes. We wi 1lc all
th is " m ain a 野 OSOl l00k-uptable
' '
.
(3)a)A 血1e that has a)A(A) v aluesあr allthe ae m s ol
m odels.
(4)Ke丸 t血Iethat codalnSthe v ahm ofextin ctio n c oe広一
cier[tstTor alla er osolm odels.
(5)PA tあ1e thalldain s a e m solscatted皿g phase h ctions
for allthe a er osolm odels.
T hc e血iesfbrthesetables w ereallgm erated byrstar5b
c odedev eloped byT,N壬血ajim a a nd his g oup.
伽 cedw e ofpL d- whe ddu pTQe e S Sblg
T hepl Xel- wiseproce血∬e免rthe atm ospheric correcBo n
isdescribeda sfo1lo w s. In whatfo llo w s, γ
'
(44)m ea n sthe
estim atedvalue Qfthc spectralra血 ofT.4betw een670a血
865n mbands血ran asstl m eda er osolm odel^1, dlileγ抑
isthetheore血c al抄deriv edv ahle OfKe xlr atioibr a model M.
(1)Getr4(A)＋ fhiA(入声 仲(入>I}4(A)at 670 and865 n m .
(2)Es也m ale TA a1 670 and 865n m 宜Ir each asst m ed
a eros olm od dむ切by s olvingthe ctlbic eqtxltion(5)ill
血 ceto the m ain aeros ollook･tlptd)1e).
(3)C alcdaLteγ
.
d y ,by
ー 126 -
泣付 -差.y.(妙 ･ '6'
to s el∝【 a palr Ofae-os ol m odds A ad Bthat hav e
doseslγ
'
(,bD v altle Slo y,” ∴ s udlthatγ
'
(A)< γqJ
andγ
'
(B)> γa ,/･ 汀γa y e
' hashigher(orlo w er)v 血 e
than alltlleγ V ahs, go to the step(6)I tk beitteTPO -
htioll ratio r as(γa -/- γ
'
(4)y(γ
'
(Blγ
'
(A))I
(4)For m odels A ad B, obtain TA(入〝)br b 皿d 1
- 5
(412-56 5n m)by
TA 糊 - 宗論T ･ 8^65･ JI･頚･ (7,
Deriv ep4(A)＋jhL4(A)触the m odelsAa nd B in use of
theaeros ol L U T.
(5)O btairL混血Ip4(A)＋Fh(A)byiJT(eq)01atingthep4＋ 恥 ･
valtleSfor the m odelsA a nd B.
(6‖ln caseγm e
'
is higher(o rlo w er)tbanal1the y(･W)
v alt s) Select m ode1 1(o r m odel 10)to deter min e
p4(Å汁fhL4(A)inthe sa m e w ay asdesc血 dabovebut
ぬrthe siTlgle m odel.
血 m ple ofpr o e es s ed bp 即 γ
Figt)re2sho w s an e･TCam ple ofatn lOSphericanyc orrectd
O C T S im agery. Plate(a)is aeros olrad N aLtthe865J m
balld deBned as
L
､4(865)- LT(865)- LbL(A)
- 如,($65卜p d^865))Fo(865)c o鵡 ･ @)
plate(b)sho w s†
'
o v D(670,865)deriv ed h nthe s atellite
obs er vatio n. Nor m alizedw ater･1eavlnBradian ce at490 皿 1
band de丘nedas
Il ”(490) -
L
w(4 90) 1i(865)pw(4 9 0)
to(490わosOo 3rfo(490)
(9)
wJx retoisthe tran smitti m Ceb 細 the slm a ndthe sea
N hc eissho Ⅵ 一inphtc(c). Notethal17Lwim agehaslittle
orTK) C O mhtion with LJliJn age, Sb wi喝 t hal the ab os･
phedc cotTeC(io n w as cotdn cLd satis 触 血1y br this
prticu血 血 T he resulted im age ofthe estim ated chlか
rophyll,a(C)cD IX 治IltZatio nis sho w niniJtq e(d), usi喝
the O C TS舶 血 in- wteralBmi dtrn,
c - o･281S{辿鴛謡 塑 }
3' 研
(10,
CQ mPar W n l戯 曲 c C ZCS at90 r肋 z”
w e wi usttldyherethe stIPedodty oftl蛤 O CTS algo-
rithm co mparedto tI血 of C ZCS･ T hei puqX)Se Ofot)r
a n alysisisto cvaltJate thee m rinderived Lw thatw mld t婚
induced bydis 柁gardingthe pixel-wise v addbility ofaero
-
s oltypeas e xercised bythe C Z C S 血gorithm･ For sim
-
pliclty, 1V ewi 11血 pt the b11owinB 血iative tTa nSb
m odel thatw as used あrthe CZC Sal伊ritlm.
LT(1)- L^L(A)＋ LA(A)＋ I(A)Lw(A) (ll)
whereLTis thetotah adian ce,LMisthe radialtCedtletOthe
m oled aqscatt血 g, Lw is the waterleaving 血 ･
T his simple m odel is e n otlghぬrthe an alysis sin ce w e a 托
o nly ∝ 氾Ce m ed widtthedi飴柁 n ∝inLw . We als o assllme
the sillgle scalte血名 q)prD ilnlatio nholds br the a m s ol
r3diaJX eL4(A), Which is giv en as
LA(A)-
w A(A)PA(叫Å沖J人)局(A)
4.T C O S0
Co mbining(4)with(12)giv es
(12)
LA(” - C(A, A,LA仙･,忠 , (.3,
whereんis a 血 nceN Rw zrvele ngths 血 ag865nm .
AssumingLw(^ D)is 0, w ehave
Lw(4) =志〈Lr(FL LM(Å)
- 叫 - (ん)器ト (14,
ln O CTS algo止血 l, e is v an 曲1epixel- wise whilebr
C Z C S itis o且e n asstl n edtobe Ⅶ血ty oratleast cor6taZ]t
overthe wholeim age. LetA Lw(A)be the 8 TOrdueto 也£
di 触 ceA6(A, ん)_ The n,
- d Lw(A)≡
AE(A, ん)LJiん)ZS(A)
i(A･) LS(ん)
(】5)
As an example,letu s e vahLatCA Lw forthe
-c as e^= 490n m
and Ad- 865n m, whc n .I(入声),9 and
F o(4 90)/F
'
8碍65)- 1.97. Analyses of sev 鮮al O CTS
im agespTdicttha( c(490,S6 5)W adesa)otljD ･2o v erthe
ezltireim age , Itw etakethatv ariabiltyasAc aJldasstl m e
L
_4(865)ofO.4pW /c m
2
/n m/s.(m ode血 e aeros61underdear
sky co nditio n), A L砂･ wi 11 be d ･18FtW/c n
2
/n血 st･ The
restll d erroris signi丘Ⅷ tly la喝C, C O腿ideri喝 t触
e=<a
4
s
9
1
O
o
'
w
fo
a
r
s
w
oT2Tw7c
tE 恕㌢e
nIconc cHtm6` 'n c od d
3. M odific ations ofttl e a e r o s olty pe s etec-
tion sdlem e
h the standard algo出 血I descdbedめ QV C, γ
'
p 叫 D
qdredi'r･5Cle cdo n oftb tふ carddah, mod ds and あr
determinadondtheintezpola血 n rado, 冊 Sdetermined by
si叩Iy 抑 氾 廟甲y
'
a4)ov eral aero x'1m odels assu n ed･
Sin ce apJBlim lI叩 a nalysis ofthe PIOCXS S Sb w s･that,
undq s o m e co nditio ns, Ibis stardaTd sdhe n e J ぢdts in
sigmi6canl eEt)TSim estim ad喝 f2^ ^汁Fb(A)h shater
w av el ngthba nds, w epDpOSe hcze もIlowiqg v adarAs Of
tlle SChe n e.
L LWel
1
9htedqp er w
''
s E血e w
lnstead oft血 喝 Sl mPle avg ge, γ
'
q u .is give nby the
w eighhd av era鈴
10
･こ- 管 , (16,
〟 = 1
where W M
=
lγ(M) - γ(M)l
(17)
T he reas on to t由 the w eigh asth: reclpIDCal ofthe
di h ccbetw ee n est M tedandtheore6caly valn esisto
put highest w eight to th m od dthat giv esthe dosest
estin ated val1IetO itsthe o血 calv a血e. h other w ords, 牙
the s atenite observes a 肝OSOIof that type(say, M), we will
hav eγ
'
D.C
≡
YP4). T he restof the algo 血 m staysjllSt the
san e asthe standard algpnthm .
``
卿 おd qt - q e -d 地 beTauOn
' '
sz* m w
T his s che m eistoiter abv elydroptw omodelsto update
γ
I
,w ebasedon n e w caT血date aerosolm odels･ T hatlSI W e
c al00hle γ
'
a ycby
- 127 -
(a)L▲(865)
(c)nLw(490)
a) y
-
AY E(670,8 65)
(d)Chl- a
F如 r e 2. Atm o sphedc ally c o rre ctedim ages of O C T Sdata obtain ed o nApril2 6,1 9 97･ (a)Aer o sol
radia n c e at865n m . (b)γ
1
a y c(67 0,865)defin edasthe ratio Qfe stim ateda er o solradia n c etxtw e e n
6 7 0n m aLnd 865n m. (c)Deriv ed n o r m alized w ate r-le avingradian c e at490n m. (d)Deriv edestim ate
ofchlo rophyll- a c o n c e ntratio n.
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